This study was supported by the United States Department of Agriculture (grant no. 58-6404-1637) . Mention of commercial products in this article is solely for the purpose of providing specifi c information and does not imply recommendation by The University of Tennessee or the United States Department of Agriculture. We thank the J. C. Raulston Arboretum at North Carolina State University, Spring Grove Cemetery and Arboretum, and the Arnold Arboretum of Harvard University for plant tissue. 4 These authors contributed equally to this work. . Approximately 100 mg of tissue was homogenized in 2.0-mL microcentrifuge tubes (Fisher Scientifi c, Pittsburgh, Pennsylvania, USA) containing silica beads (2.3 mm; BioSpec Products, Bartlesville, Oklahoma, USA) and frozen in liquid nitrogen for 5 min followed by agitation in a Bio101 FastPrep Homogenization System FP120 (Thermo Savant, Waltham, Massachusetts, USA) for 30 s at the 5.0 speed setting and freezing and agitation were repeated once. DNA was isolated using the QIAGEN DNeasy Plant Mini Kit (QIAGEN, Valencia, California, USA) with the following modifi cations: 2% (w/v) insoluble polyvinylpyrrolidone (PVP) and 6 μ L of RNase were added to 600 μ L of AP1 buffer and cell lysis incubation was 20 min. DNA was quantifi ed using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, Delaware, USA). An enriched microsatellite library was created from accession number AA#182-96*A (Appendix 1) following the procedures of Wang et al. (2007) . Microsatellite-containing sequences were identifi ed using Imperfect SSR Finder ( Stieneke and Eujayl, 2007 ) . Primer3 ( Rozen and Skaletsky, 1999 ) was used to design 50 primer pairs, which were screened for amplification against a subset of four Fothergilla samples. A single 10-μ L PCR reaction contained 10 ng DNA, 2.5 mM MgCl 2 , 1 × GeneAmp PCR Buffer II (Applied Biosystems, Carlsbad, California, USA), 0.2 mM dNTPs, 0.25 μ M primers (forward and reverse), 5% dimethyl sulfi de (DMSO; Fisher Scientifi c), 0.4 unit AmpliTaq Gold DNA Polymerase (Applied Biosystems), and sterile water. The reactions were amplifi ed using the following conditions: 94 ° C for 3 min; 35 cycles of 94 ° C for 40 s, 55 ° C for 40 s, and 72 ° C for 30 s; and a fi nal extension at 72 ° C for 4 min. The amplicons were separated by electrophoresis through a 2% agarose gel stained with ethidium bromide. Twelve loci were polymorphic, whereas the remaining loci did not amplify, produced a smear pattern, or were monomorphic. The polymorphic loci were used to characterize a larger sample size.
The 36 accessions of Hamamelidaceae were genotyped and analyzed in the same manner as primer screening (Appendix 1). PCR products were separated using the QIAxcel Capillary Electrophoresis System (QIAGEN) and sized with Hamamelis , two Loropetalum , and two Parrotia accessions (see Appendix 1) after unweighted pair group method with arithmetic mean (UPGMA) clustering using 12 microsatellite loci coded as dominant (presence/absence) markers. The similarity of the accessions was calculated using the Dice coeffi cient. The cophenetic correlation coeffi cient value ( r = 0.91), suggested a strong fi t between the Dice similarity matrix and the UPGMA dendrogram using the parameters of Sneath and Sokal (1973) . a 25-300-bp marker. Raw allele data for each individual were binned into allelic classes using FLEXIBIN ( Amos et al., 2007 ) . We used a conservative 2-bp allelic category size determination standard error range for reproducibility and the 2-bp resolution of the QIAxcel Capillary Electrophoresis System. Ploidy level varies from 4 x to 6 x in Fothergilla ( Ranney et al., 2007 ) and 2 x to 6 x in Corylopsis as compared to the diploid Parrotia and Hamamelis species ( Zhang et al., 2003 ) . Due to ploidy variation, each allele was scored as either 0 (absent) or 1 (present), and nonamplifi ed loci were scored as missing data. The data were analyzed using GenAlEx version 6.5 ( Peakall and Smouse, 2012 ) . For cluster analysis, genetic similarity indices were calculated for all pairwise comparisons using Dice's similarity coeffi cient and then clustered using the unweighted pair group method with arithmetic mean (UPGMA) using NTSYS-pc 2.20q ( Rohlf, 2008 ) . The cophenetic coeffi cient between the Dice similarity matrix and the UPGMA dendrogram was calculated ( Rohlf, 2008 ) .
Twelve primer pairs were polymorphic and used to genotype 36 accessions of Hamamelidaceae ( Table 1 ) . The number of alleles ranged from four (Foth029) to 15 (Foth16), and Shannon's information index ranged from 0.07 to 0.14. Five loci amplifi ed across all genera: Foth001, Foth002, Foth004, Foth029, and Foth032. In total, 128 alleles were identifi ed and 90 were unique to individual genera ( Table 2 ) . Foth045 amplifi ed only Fothergilla accessions and 63 unique alleles were detected. Ten loci amplifi ed in Corylopsis , with fi ve loci detecting a total of seven unique alleles. Ten loci amplifi ed in Hamamelis , with six loci detecting nine unique alleles. Nine loci amplifi ed the Parrotia accessions and detected three unique alleles. For Loropetalum , fi ve loci amplifi ed and detected eight unique alleles. Cluster analysis grouped the accessions into fi ve groups, which were separated by genus ( Fig. 1 ) . The cophenetic correlation coeffi cient value ( r = 0.91) suggested a strong fi t between the Dice similarity matrix and the UPGMA dendrogram using the parameters of Sneath and Sokal (1973) .
CONCLUSIONS
We have developed the fi rst set of microsatellites from Fothergilla and have demonstrated cross transfer to other species within Hamamelidaceae. These loci provide a set of markers to evaluate genetic diversity of natural and cultivated collections and assist ornamental plant breeders for genetic studies of fi ve popular genera of woody ornamental plants. 
